Northern Illinois University

Huskie Commons
Honors Capstones

Undergraduate Research & Artistry

1-1-2016

Elucidating Host-Symbiont Interactions in Coral Bleaching by
Symbiont Transfer
Therese A. Millet

Follow this and additional works at: https://huskiecommons.lib.niu.edu/studentengagementhonorscapstones

Recommended Citation
Millet, Therese A., "Elucidating Host-Symbiont Interactions in Coral Bleaching by Symbiont Transfer"
(2016). Honors Capstones. 473.
https://huskiecommons.lib.niu.edu/studentengagement-honorscapstones/473

This Dissertation/Thesis is brought to you for free and open access by the Undergraduate Research & Artistry at
Huskie Commons. It has been accepted for inclusion in Honors Capstones by an authorized administrator of
Huskie Commons. For more information, please contact jschumacher@niu.edu.

Therese Millet
Z1722332

Honors

Spring 2016

Elucidating Host-Symbiont Interactions in Coral Bleaching by
Symbiont Transfer

Therese Millet
Northern Illinois University
Senior Capstone 2016

Photo by: Austin Parrin at Narara Island, Fiji
1

Therese Millet
Z1722332

Honors

Sympodium coral colony

Spring 2016

Sarcothelia coral colony

Abstract:
Coral bleaching, a current major ecological threat, is caused by the disruption of the
endosymbiotic relationship between the host coral and single-celled algal symbionts known as
Symbiodinium. Symbiodinium are divided into clades, with each clade having similar
characteristics. It has been found that corals containing certain clades tend to fare better
following bleaching incidents. In order to further elucidate the relationship between the
Symbiodinium and the coral, symbiont transfer experiments are thus required. These
experiments require first obtaining symbionts by stressing a coral, then culturing the symbionts
ex hospite, and finally transferring them to a bleaching host of another symbiont clade. For this
purpose, we cultured clade C Symbiodinium by thermally stressing a Sympodium colony
overnight. The resulting symbionts were lacking in photosynthetic pigments and required some
time for recovery. After 2 weeks of culture in f/2 media in seawater (27 C and a 12hour light
cycle at 55 µmol photons m-2s-1), single symbionts proliferated into a large mass of cells
resembling a tumor. One week later, dense growth of competing algae required transfer to a new
culture. Symbionts were maintained in this fashion for several months and a number of assays
and experiments were performed. The ultimate goal is transferring these symbionts to a
bleached coral host (Sarcothelia sp.) which normally contains clade D symbionts.
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Introduction:
Coral bleaching is one of the most prevalent ecological threats in the world today. The
coral reefs are home to an estimated 2 - 9 million species which make up one quarter of all
marine life (Microdocs 2012). The majority of these reef-dwelling species are unable to live in
any other marine ecosystem, making the coral reefs essential to their survival. Increased
occurrences of bleaching events have endangered this precarious ecosystem, threatening this
extreme diversity of life.
The cause of coral bleaching is the breakdown of the endosymbiotic relationship between
corals and algal species of the genus Symbiodinium (Perez et al. 2000). The symbionts live
within the polyps of the coral performing photosynthesis and giving the corals their characteristic
vibrant coloring. The relationship is a mutualistic one with the Symbiodinium providing the
coral with metabolites such as oxygen, glucose, and amino acids, while the coral provides the
symbionts with shelter, protection, and components needed for photosynthesis (Castro 2013,
Fabrina et al. 2012). Caused by several factors that lead to perturbation of coral, including
increase in temperature or light, coral bleaching occurs when the stressed coral expels its
endosymbionts, or the symbionts die (Yamashita et al. 2013). The coral loses its color when the
symbionts are expelled, becoming “bleached” and will die if a stable endosymbiotic relationship
is not soon reestablished. It has also been shown that bleaching in some corals can lead to
symbiont migration in addition to the expulsion or death of the Symbiodinium (Parrin et al.
2015). When this occurs, symbionts retreat from the coral polyps and gather in the coenchyme
of the coral. Many coral retain these symbionts in their stolon during bleaching events. It is
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believed that if conditions normalize, these retained symbionts could return to the polyps and
repopulate the coral.
There are many different species of Symbiodinium that engage in this endosymbiotic
relationship with corals. Sequencing ribosomal RNA genes has enabled researchers to classify
these symbionts into 9 clades which contain multiple species in each. The clades are lettered A –
I. (Tonk et al. 2013). Interestingly, certain Symbiodinium clades seem to be more abundant in
different geographical locations with members of clades A and B being more abundant in higher
latitudes and clade C seeming to prefer the tropical regions (Baker 2004). It is not clear if this is
due to selection pressures or geographical isolation, however.
Characteristics such as photosynthetic ability, size, pigmentation, and thermal tolerance
have been shown to differ between clades (Tonk et al. 2013). For example, some studies seem to
indicate that clade D symbionts are more thermally tolerant than clade C symbionts (Rowan
2004). However, clade D symbionts have been shown to be slower growing and weaker
competitors making them less abundant in many areas (Little et al. 2004). In addition, some
research has shown that these differences may actually vary from species to species within a
clade (Sampayo et al. 2008). It has been shown that the same coral species which can harbor
different symbiont clades may react differently under stress depending on the symbiont clade
within, suggesting that symbiont type may be a definitive factor in surviving heat stress (Goulet
2006). In addition, of the corals which are known to house both clade C and D symbionts,
studies show that these corals have a much higher concentration of clade D Symbiodinium
following multiple bleaching events, suggesting a selection for this more thermally tolerant clade
despite the stronger growing C characteristics (Baker et al. 2004.) However, in all these studies
the characteristics of the symbionts were tested while they were living within the coral, making
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the coral host a confounding variable and leading to further questioning of this evidence. Was
the better thermal tolerance or higher growth rate due to the symbiont type, the host species, or
the combination of the two?
What is not completely clear is how much the characteristics of the coral are determined
by the Symbiodinium within as opposed to the host taxa. If symbionts of different clades could
be isolated and cultured in the lab, studies examining photosynthetic capability and thermal
tolerance could be performed on these free-living symbiont colonies. This would alleviate the
effects of the confounding variable when housed within the host coral and better elucidate the
contribution of the symbiont clade to factors such as thermal tolerance of the host corals.
Following this culturing of Symbiodinium ex-hospite, these cultured symbionts could
then be used for transfer experiments. A similar type of experiment was performed on the sea
anemone Aptasia by Goulet et al. in 2005. In this study, it was found that when Clade A
Symbiodinium from one Aptasia colony were transferred into an Aptasia colony that had only
hosted Clade B, the new pair exhibited characteristics that were different than either of the
previous associations, indicating that characteristics such as thermal tolerance and photosynthetic
activity may actually depend on the host/symbiont combination as opposed to one or the other
individual taxa (Goulet et al. 2005). However, studies investigating clade switching in
octocorals have never been performed.
Octocorals are a diverse group of soft corals which exist in high abundance throughout
the Caribbean coral reef ecosystems (Ramsby et al. 2014). They are often the main space
occupiers on reefs and constitute a large amount of the biodiversity in these ecosystems. While
data concerning the endosymbiosis of stony or scleratin corals is abundant, research into
octocorals is lacking in comparison. (Goulet et al. 2008). In addition, somewhat contradicting
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results have been found in the studies that do exist. For example, a study by Lewis and Coffroth
showed that Briarium octocoral took up exogenous symbionts following a bleaching event.
While the original coral symbionts and the exogenous symbionts differed in their classification,
they were both clade B Symbiodinium. This experiment did show that the octocoral could gain
new symbionts from the environment and develop a symbiotic relationship with them, but it did
not address the question of clade switching (Lewis and Coffroth 2004). While several studies
discuss the benefits of clade switching in corals (Rowan 2004, Berkelman and van Oppen 2006,
Goulet et. al. 2005) one study of coral in the wild suggests that most octocorals may not be able
to perform clade switching. However, broad scale studies examining possible clade switching of
octocorals have not been undertaken in the lab. In addition, while certain conditions may not
occur naturally, it is important to examine if human intervention could cause clade switching to
occur post bleaching in an effort to aid in recovery. For this reason, we are attempting to
perform a clade switching experiment in an octocoral colony. If residence of the new clade can
be established, experiments examining reactive oxygen species (ROS) for photosynthetic
performance can be performed and compared to data of the host with its original symbiont. The
data can also be compared with the ROS results from the symbionts in their original host.
Comparing these results will attempt to shed light on how much the characteristics of the coral is
determined by the Symbiodinium and how much depends upon the host species. To elucidate
these questions, a group of octocoral species with known affinities and symbiont types must be
investigated using controlled laboratory experiments.
In the last several years such a system has been developed using alcyonacean octocorals
(Parrin et al., 2010, 2012, 2016; Harmata et al., 2013; Netherton et al., 2014; Somova et al., in
review). Work has primarily focused on Phenganax parrini, Sarcothelia sp., and Sympodium
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sp. When these species were stressed with elevated temperature and light, the number of
Symbiodinium decreased in the tissue but increased in the gastrovascular system, with only a
small proportion of symbionts expelled. Although variable mortality occurred, following withincolony symbiont migration, these octocorals retained symbionts in the coenenchyme (≈85, 0, and
53% of the initial number of Symbiodinium died and ≈15, 100, and 45% were retained by P.
parrini, Sarcothelia sp., and Sympodium sp., respectively). Mitochondrial (mtMutS and COI)
and nuclear (28S rDNA) gene sequences demonstrate that Sympodium sp. and Sarcothelia sp. are
closely related xeniids but are only distantly related to P. parrini. Conversely, P. parrini and
Sarcothelia sp. hosted Symbiodinium types D4-5 and D4-5-9, respectively, while Sympodium sp.
had a type C1 variant. The extent to which migration mitigates the effects of bleaching may thus
be due to the interaction between host and Symbiodinium genotypes as well.

Methods:
The medium used to culture the symbionts was taken from stock tanks in which our coral
was grown. These stock tanks are filled with sea water made from Instant Ocean Reef Crystals
mixed according to manufacturer’s instruction. These stock tanks undergo a 10% water change
weekly. Temperature in these tanks are maintained at 27 degrees Celsius. Light cycles in this
tank utilizes natural and fluorescent, as well as metal halide light sources. The light cycle was 12
hours dark, then 8 hours illumination at 30 µmol photons m-2s-1, and 4 hours illumination at 110
µmol photons m-2s-1. Tank water chemistry was maintained at 1200 ppm Magnesium, pH of
about 8.2, Calcium level of 400 ppm, KH of 160 ppm, and a nitrate level of 0 ppm. To this
water, we added a commercial f2 supplement called “Micro Algae Grow” according to
manufacturer’s instructions.
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To isolate symbionts, a colony of Sympodium known to contain clade C1 symbionts was
incubated overnight in the dark at 30 degrees Celsius. Then the colony was removed from the
finger bowl and rinsed with water from the bowl to remove any surface symbionts. The colony
was placed back in the tank, and the finger bowl was covered in parafilm and placed in the
incubator set at 27 degrees Celsius on a 12h dark/12h light schedule 55 µmol photons m-2s-1. A
75% water change was performed on this bowl daily. The bowl was observed daily through a
dissecting microscope for any signs of growth. On day 8, several clumps were placed in a new
finger bowl of f2 supplemented tank water.

Growth was monitored in both finger bowls, with

repetitive water changes implemented daily. When the symbiont growth in the second finger
bowl peaked, more were transplanted to a new finger bowl of the f2 tank water. This procedure
of water change and transplanting occurred throughout the experiment to maintain a steady
viable supply of Symbiodinium. Several clumps of symbionts were transferred to microscope
chambers to allow viewing and pictures of growth patterns and visualization of chlorophyll
fluorescence. These chambers were maintained with observation and water level checks on a
daily basis.
A finger bowl containing was also started that contained the identical medium which we used to
grow the symbionts, but no Symbiodinium were added. Seventy-five percent water change and
supplementation with the f2 medium were maintained on a daily basis. Microscope chambers of
Symbiodinium colonies were also prepared in a similar manner to enable viewing and
photography through the light microscope, the chlorophyll fluorescence scope, and the TEM
(transmission electron microscope). In addition, growth rates were monitored by taking daily
pictures of a marked regions of the microscope chamber and taking symbiont counts of these
photos.
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Results:
While reported to be difficult to culture in the lab, we found culturing of the C1 Symbiodinium
from the Sympodium colony to be quite successful. Perhaps the fact that our lab has active tanks
containing live coral which have been in existence for years added to our success in symbiont
culturing. The water in these tanks undergoes rigorous monitoring and maintenance to ensure a
suitable living environment for sustaining these delicate forms of life. In creating these cultures
of the C1 symbiont, an interesting growth pattern was observed. When first extracted, the
symbionts viewed under a dissecting microscope appeared very pale, but darkened to an amber
color by about ten days later. There was a lag in growth during this period as well. At first it
was not clear if the symbionts had survived. By day 15, small clumps of multiple amber-colored
symbionts began to be observable. These clumps appeared surrounded in a thin biofilm layer
attached to the bottom of the finger bowl.
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By 2-3 days later, these clumps proliferated into larger clusters containing dozens of
symbionts.
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In 2 more days, these clusters increased in height and resembled small multicellular
tumor-like projections. The clusters were now made up of hundreds of symbionts and were
surrounded in some sort of membrane which was somewhat resistant to penetration. These
tumor-like clumps were transferrable via forceps or micropipette to begin new cultures or
perform symbiont transfer. It was curious to note that the Symbiodinium growing ex-hospite
seemed to prefer growing in large clumps, somewhat resembling a multicellular organism, as
opposed to a spread out single layer. Peak growth was reached around ten days following the
initiation of the growth phase, which followed the initial lag period.
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Red and green algae grew along with the symbionts and were also a part of the biofilm
covering the bottom of the dish.
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By 15-17 days after the beginning of the growth phase, the algae had covered the
symbiont clusters and seem to greatly decrease their proliferation. While they were still present,
the symbionts were covered by a thick sheet of algae. Algae growth seemed to be greater where
the symbiont clumps were, possibly indicating that some type of nutrient released by the
symbiont may be beneficial to the algae. Perhaps the mechanism of symbiont clumping exists as
a protection mechanism for the symbionts from these algae or other predators.
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Discussion of Results:
Photos taken with a light microscope, and then shown with chlorophyll fluorescence
illustrate where the photosynthetic thylakoid membranes are located within the Symbiodinium.

Light microscope view

White areas show chlorophyll fluorescence

Growth rates were measured in different regions of the chamber in the following photos:
Region 1: Day 1

Day 2
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Day 5

Day 2

Day 3

Day 5

From the tabulated symbiont counts, the growth rate of the free-living Symbiodinium was
measured at 3 divisions a day. This adds up to over 1000 divisions a year if this rate were
maintained, which would be the equivalent of around 20,000 years of human evolution. There is
debate whether division by Symbiodinium occurs within the host. Further research needs to be
done to determine this. If division is greatly reduced by living within the host, evolution of
Symbiodinium would be greatly slowed, decreasing their chances to be able to adapt to changing
ocean conditions.
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Transmission electron microscope slides and photos were prepared by Lori Bross of
Northern Illinois University.
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These TEM images show the Symbiodinium appearing very healthy and normal despite
living outside the host. Structures within the Symbiodinium can be identified according to
previous morphological research (Wakefield et al. 2000, Ladriere et al. 2008). Surrounding the
outside of each Symbiodinium, a cell wall can be observed. The plasma membrane is just inside
the cell wall. The large dark elongated structures just inside the plasma membranes are the
chloroplasts. These peripheral structures contain the thylakoid membranes stacked on one
another and appearing as striations within each chloroplast. Past the chloroplasts toward the
inner area of the symbionts, the nucleus with condensed chromosomes can be seen, as well as
numerous other organelles such as the mitochondria and golgi apparatus. The large white area
surrounding the symbionts in these TEM was reported to be an artifact due to the process of
fixation. Ms. Bross stated this could possibly be due to dehydration of the symbionts during the
fixation process.
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Conclusion:
Culturing of free-living C1 Symbiodinium was highly successful when using strictlymaintained tank water and f2 commercial supplement. When these symbionts grow ex-hospite,
they proliferated into large clusters, and then clumps resembling tumor-like projections. This
growth pattern resembles a multicellular organism and may be representative of the
Symbiodinium’s preferential protected existence within the coral host. This tumor-like growth
pattern most likely provides the symbionts with a degree of protection from red and green algae
as well as other predators or environmental conditions. The clumps of symbionts grew
surrounded in a rather sturdy membrane-like substance that was resistant to penetration, thus
providing a higher degree of protection.
The ability to easily culture free-living symbionts in the laboratory opens up a whole new
method to determine the properties of Symbiodinium. Culturing of symbionts of various clades
should be attempted to compare properties between and within clades. In addition, it enables us
to be able to attempt symbiont transfer into a wide variety of host coral. By this process, the
possibilities of clade switching and the properties of a wide variety of host-symbiont pairs can be
explored.
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